The brain mechanisms by which sensory cues become transformed into expectations of impending events are a critical component of cognitive tuning of sensory processing. However, distinctions among the afferent processing of cue-related activity itself versus those mechanisms supporting the contextual meaning imparted to the cue remain limited. Do sensory cues with equal meaning engage similar patterns of brain activations even if they are delivered in separate modalities? To address this question, we used functional magnetic resonance imaging of an expectation paradigm in which cues were delivered with visual or innocuous thermal stimuli. Cues were designed to be highly meaningful because they predicted the delivery of high and low painful stimuli. As expected, the cues themselves activated unimodal sensory cortices. This cue modality-specific activation was transformed into a pattern of activity reflecting cue meaning. Cues signaling high pain produced greater activity in the left dorsolateral prefrontal cortex and anterior cingulate cortex. Such activity is consistent with the graded encoding of the magnitude of expected pain. In contrast, cues signaling low pain produced greater activity in the right intraparietal sulcus. This activation may reflect processes directing spatial attention to the stimulated body region in order to more accurately evaluate the relatively weak, low pain stimulus. Taken together, these findings indicate that cues arising from different sensory modalities ultimately engage common brain mechanisms that reflect the meaning of the cue. This meaning-related activity is presumably critical for preparing sensory systems to optimally process afferent information. Ó
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Introduction
Expectations of impending sensory events can be conceptualized as a sequence of multiple neural processes. First, expectations associated with an imminent sensory event are initiated by cues arising from one or more sensory modalities. Studies on expectations and placebo frequently utilize visual, auditory, or even somatosensory cues to inform the subject of impending painful stimuli [3, 24, 33] . Accordingly, modality-specific sensory areas are necessarily engaged to extract relevant sensory features during the initial processing of incoming cue information. Next, this cue-related sensory information needs to be invested with meaning based in part on prior knowledge and experience [17] . This process presumably involves episodic memory retrieval [6, 16, 36] . The investment of meaning subsequently leads to the formation of a mental representation of the impending event [17] . This mental representation is maintained in working memory and can be used to prepare the nervous system to optimally process expected sensory information [4, 5, 7, 17] .
To date, the neural mechanisms supporting the sequence of events by which sensory input is transformed into an expectation of pain remain poorly characterized. In particular, distinctions between the afferent processing of cue-related activity itself versus those mechanisms reflecting the contextual meaning imparted to the cue remain limited. However, brain mechanisms reflecting the imparted meaning of the cue would be predicted to be identical regardless of the modality of the sensory input activated during cue presentation.
To better understand which expectation-related processes are cue modality-specific and which are cue meaning-related, we performed a functional magnetic resonance imaging (fMRI) study in which subjects were informed regarding the intensity of an impending noxious stimulus by prior presentation of either visual or innocuous thermal cues. In each modality, cues for low-and
